Introduction
============

Nationally representative data from 2009 to 2010 showed that among adolescent girls 12--19 years of age, 33% were overweight (≥85th percentile according to Centers for Disease Control and Prevention (CDC) growth charts) and 17% were obese (≥95th percentile).[@b1-ahmt-6-001] Non-Hispanic Black (45%), Mexican American (40%), and Hispanic (including Mexican Americans) (42%) adolescents were more likely to be overweight than non-Hispanic White (28%) adolescents.[@b1-ahmt-6-001] Results from the National Longitudinal Study of Adolescent Health (Add Health) also show the same disparities between race/ethnic groups.[@b2-ahmt-6-001] However, due to the lack of oversampling in national surveys for Asians, it is difficult to provide overweight and obesity prevalence for this specific ethnic group. Furthermore, the causes of obesity among Asian Americans have not been as extensively studied in the extant literature as compared to other ethnic groups. The increasing prevalence of overweight among youth is of great concern and may be linked to an increase in type 2 diabetes mellitus[@b3-ahmt-6-001] as well as hypertension.[@b4-ahmt-6-001]

Hispanic and Asian population groups are steadily increasing in the United States.[@b5-ahmt-6-001],[@b6-ahmt-6-001] These two groups not only represent the largest proportion of foreign-born individuals in the US,[@b6-ahmt-6-001] but may also be the most diverse. The health of these populations can dramatically influence the health of the emergent US population as "currently one out of five children is an immigrant or a child of an immigrant".[@b7-ahmt-6-001] Flores and Brotanek described the "Healthy Immigrant Effect" indicating that these "new" populations seem to have dramatically lower risks for developing certain diseases and health conditions.[@b8-ahmt-6-001] Surprisingly, immigrant adolescents and adults who were less acculturated to the American way of life were healthier regardless of socioeconomic status or lack of health insurance.[@b8-ahmt-6-001]

However, researchers have shown that this protective effect seems to decrease with acculturation to the new country of origin.[@b8-ahmt-6-001],[@b9-ahmt-6-001] Acculturation, in brief, signifies the social, psychological, and behavioral changes consequent to immigration.[@b10-ahmt-6-001] Hazuda et al[@b11-ahmt-6-001] defined acculturation as a multidimensional process in which individuals whose primary learning has been in one culture (eg, Mexican culture) take over characteristic ways of living from another culture (eg, Western culture). Acculturation as such encompasses any and all changes that occur following (prolonged) "contact" between individuals and groups of differing cultural backgrounds.[@b12-ahmt-6-001] Longer residency in the US has been associated with poorer health outcomes and this is especially evident when comparing first with later generations.[@b13-ahmt-6-001] Changes in dietary habits, physical activity, and health behaviors to closely mimic that of the host country have all been identified as critical factors.[@b14-ahmt-6-001]--[@b16-ahmt-6-001] Previous studies have examined acculturation (primarily generation) and overweight status in children.[@b2-ahmt-6-001],[@b13-ahmt-6-001] However, both of these studies used data from the Add Health study, which represented a sample from almost 2 decades ago, and used a cross-sectional analysis.

The present study examined the development of overweight and obesity among early adolescent Asian, Hispanic, and non-Hispanic White girls followed over 18 months, and whether these changes were influenced by acculturation. During the period of adolescence, dietary behaviors, changes in physical activity, as well as changes in body composition (such as location and quantity of body fat) typically occur, making this a critical age/stage to examine the influence of acculturation.[@b17-ahmt-6-001] The hypotheses for this study were 1) greater development of overweight/obesity would occur among the Hispanic girls followed by the non-Hispanic White and Asian girls and 2) less acculturated Asian and Hispanic adolescent girls would have a lower risk of becoming overweight/obese compared to those who were more acculturated.

Methods
=======

This was a secondary analysis of the participants from the Adequate Calcium Today project, a multistate, school-randomized educational intervention (Arizona, California, Hawai'i, Indiana, Nevada, and Ohio) between the years of 2002 and 2005. The intervention was not related to changes in body weight. Recruitment methods have previously been described.[@b18-ahmt-6-001] Briefly, eligible participants in the study were sixth-grade girls who were at least 75% Asian, Hispanic, or non-Hispanic White based on self-reported race/ethnicity percentages of both biological parents. Sampling was limited in the Adequate Calcium Today project to Asians, Hispanics, and non-Hispanic Whites as this population was selected to examine another primary hypothesis (ie, at higher risk of osteoporosis later in life).[@b18-ahmt-6-001] However, this study population provided a unique opportunity to examine acculturation in an ethnically diverse sample; which included Asians as well as other female adolescents from geographic locations typically not sampled (Hawai'i) in the National Health and Nutrition Examination Survey (NHANES).

The methods for conducting anthropometric measurements have been previously described.[@b18-ahmt-6-001] In brief, each participant changed into lab-issued scrubs, removed their shoes, and then had both height and weight measured. Body mass index (BMI) was calculated using the formula weight (kg)/height (m)[@b2-ahmt-6-001]. The SAS program available from the National Center for Health Statistics of the CDC was used to determine the percentile rank for BMI-for-Age.[@b19-ahmt-6-001] Although childhood obesity is defined as at or above the 95th percentile for age and sex, this study consolidated overweight and obese as a BMI at or above the 85th percentile for age and sex according to the National Center for Health Statistics/CDC.[@b19-ahmt-6-001],[@b20-ahmt-6-001] Consolidation of these two BMI categories allowed for more inclusive analyses of the Asian participants, fewer numbers of whom were overweight and obese. Prior research on obesity in children and adolescents has also found that Asian American youths often do not make up sufficient sample sizes in epidemiological analyses.[@b21-ahmt-6-001] Physical activity from recreation for the previous year and sexual maturation (including pubertal staging) were self-reported by the participants and have been previously described elsewhere.[@b18-ahmt-6-001] With the exception of acculturation, all study measures were repeated at 12 months±2 months after baseline and at 18 months±4 months after baseline. Age was calculated by subtracting the date of each participant's visit from her date of birth.

For this analysis, complete information on acculturation was required. Acculturation was measured using two acculturation indicators: generation and language use.[@b22-ahmt-6-001] Generation was categorized as first generation (born outside the US), second generation (born in the US and at least one parent born outside the US), third generation (girls and parents born in the US, and at least one grandparent born outside the US), and fourth generation (girls, parents, and grandparents born in the US). Language use ranged from least acculturated to most acculturated: no English spoken in the home, other language more than English used in the home, English same as another language used in the home, English more than another language used in the home, and only English. The Institutional Review Board of each participating site approved the study protocol, and written informed assents and consents were obtained from the girls and their parents, respectively.

Descriptive analyses were completed for girls in all race/ethnic groups. Quantitative characteristics and primary study exposures (eg, acculturation indicators) were compared between race/ethnic groups by one-way analysis of variance. For comparison of categorical variables by race/ethnic group, chi-square analyses were done. The longitudinal relationships between race/ethnic groups and the likelihood for overweight were examined using Kaplan--Meier survival analysis from 10 months (ie, 12 months±2 months after baseline) to 22 months (ie, 18 months±4 months after baseline). This was completed across all race/ethnic groups without acculturation indicator stratification and within each race/ethnic group after stratification by acculturation indicators using the log-rank test. For the purpose of this study, once a participant becomes classified as overweight or obese (at or above the 85th percentile) at any of the three visits, she is excluded from further analysis.

The variation in acculturation status among the non-Hispanic White girls was limited; therefore, acculturation analyses were limited to the Asian and Hispanic girls. The longitudinal relationships of acculturation, based on the combined acculturation indicators (generation and language use in the home), to the likelihood of overweight across the Asian and Hispanic race/ethnic groups were examined using a binary logistic regression model, a Cox proportional-hazards regression analysis, and a linear regression model adjusting for age (year), menarche status (yes/no), Tanner score, physical activity (metabolic equivalents/hour/week), state of residence, and intervention status (ie, school randomized to receive the educational intervention related to calcium). Multiple methods were used so that the potential longitudinal relationship between acculturation and overweight could be thoroughly examined. The IBM Statistical Package for the Social Sciences 22.0 (New York, NY, USA) was used for analyses. Only the results from the Kaplan--Meier analysis and the binary logistic models are shown due to all analytical methods yielding similar results.

Results
=======

There were significant differences in the race/ethnicity distribution by state, generation, and language use within the home. For state, this difference was consistent with sampling methods. [Table 1](#t1-ahmt-6-001){ref-type="table"} shows the quantitative and categorical characteristics of the sample by race/ethnic group. The Hispanic girls had the lowest overall retention rate (76%) compared to the Asian girls (94%) and the non-Hispanic White girls (92%). The cross-sectional prevalence of overweight among the sample is shown in [Table 2](#t2-ahmt-6-001){ref-type="table"}. The Hispanic girls had the largest proportion of overweight compared to the Asian and non-Hispanic White girls at all three time points.

The probability for not becoming overweight was significantly associated with race/ethnic group ([Figure 1](#f1-ahmt-6-001){ref-type="fig"}). Over time, the proportion of Hispanic girls becoming overweight was higher than that among Asian and Non-Hispanic White girls (*P*\<0.001). The probability of becoming overweight was not significantly associated with acculturation score at any of the time points for either Asian or Hispanic girls ([Table 3](#t3-ahmt-6-001){ref-type="table"}).

Discussion
==========

This study involved a sample of early adolescent Hispanic, non-Hispanic White, and Asian girls from multiple locations around the country. The multiple sites allowed a substantial number of Hispanic and Asian girls to participate with a variety of cultural exposures. Previous studies[@b13-ahmt-6-001] demonstrated a protective effect of low acculturation toward a lower BMI and normal weight status among boys and girls in the 7th--12th grades. We expected to find similar results given the diverse sample of girls and salient indicators of acculturation in our study. Despite these strengths, we were not able to duplicate the previous results. We found no significant relationship between the acculturation variables and probability for overweight regardless of the analytical approach used.

However, we were able to demonstrate that these race/ethnic groups possess significantly different overweight profiles. We found that Hispanic adolescent girls had a significantly lower probability of not being overweight compared to Asian or non-Hispanic White adolescent girls. In addition, in this study Hispanic adolescent girls had a larger proportion of overweight/obesity than in national surveys. In 2007--2008 and 2009--2010 NHANES, prevalence rates of approximately 40% were reported[@b1-ahmt-6-001],[@b21-ahmt-6-001] compared to 46%--55% in this study. This may be due to the Hispanic sample being primarily Mexican American. Previously, Gordon-Larsen et al[@b13-ahmt-6-001] found that acculturation and overweight among Hispanic adolescent immigrants to the US from Puerto Rico, Cuba, and Mexico displayed different profiles. The prevalence for overweight increased as generation increased in all groups except for the adolescents of Mexican origin. Coinciding with these results, Popkin[@b23-ahmt-6-001] identified Mexico as having a higher prevalence of overweight among the entire population, with the prevalence being highest in Northern Mexico, compared to other Latin American countries. This suggests that Mexico's proximity to the US and the high traffic across the border may mean that this ethnic group is more acculturated to the US prior to immigration. This is a research question warranting further exploration. Maturation was also examined as a potential factor, because it has been shown to differ by ethnic group[@b24-ahmt-6-001] and menarche and it may influence overweight and obesity.[@b25-ahmt-6-001] These factors were not relevant predictors for this sample of adolescent girls. Genetic profiling may be another important predictor for overweight and obesity as has been demonstrated in a previous study.[@b26-ahmt-6-001]

An interesting observation is that of the three race/ethnic groups, Hispanic girls had the lowest retention rates. Since this group was predominately Mexican American, frequent travel between the US and Mexico during the summer months has been shown to occur. Hispanic recruitment was the primary goal in California, Arizona, and Indiana, to increase the chance for Mexican American recruitment, which may have played a role in increased travel of the participants between the US and Mexico. If a majority of the girls lost to follow-up were lost due to this reason, it could have potentially impacted our results because of shorter follow-up of girls with lower acculturation. Despite this possibility, the girls lost to follow-up were found to be more acculturated (therefore, have a higher acculturation score) than those who completed follow-up (data not shown). Thus, the poor retention rates of Hispanic girls were unlikely to have impacted the acculturation analysis results.

Our results may differ from other studies for various reasons. Acculturation is a dynamic process and can be assessed in multiple ways.[@b22-ahmt-6-001] The brief approach of using language spoken in the home and generation status as a proxy for acculturation may have limited our ability to take advantage of the acculturation range, especially with regard to BMI. Montez and Eschbach[@b27-ahmt-6-001] found that these two acculturation indicators were significantly associated with unfavorable dietary profiles among non-pregnant women that would likely lead to overweight; however, measures of weight status were not examined in their cross-sectional study. Utilizing a multidimensional measure of acculturation status may be important to capture the breadth of acculturation. Other limitations of the present study include the use of secondary data for analysis, which may have contributed to a lack of power as well as the initial recruitment sample of girls not being based on acculturation or its effects on body weight, instead on bone development. The conflicting nature of these results implies a need for future research in this area. To further explore this phenomenon, a broader sample of boys and girls representing various race/ethnic groups and larger age ranges is recommended. Consistent with the study reported here, inclusion of multiple sites across the US is important, as regional locations within the US may modulate acculturation levels in individuals. Inclusion of socioeconomic and/or demographic factors in future studies may provide insight into their effects on acculturation and health, although a study by Gordon-Larsen et al[@b28-ahmt-6-001] revealed that the socioeconomic factors, income, and parental education level did not uniformly affect prevalence of overweight in adolescents. Another study among girls residing in California showed an association between socioeconomic status, acculturation, percentage body fat, and risk of overweight in Asian Americans but not Mexican Americans.[@b29-ahmt-6-001] In addition, information related to dietary patterns may be important to collect as diet is an important indicator of acculturation.[@b30-ahmt-6-001]

Conclusion
==========

NHANES data over the years have demonstrated the differences in overweight/obesity among select race/ethnic groups, which is consistent with our results. Unique to this study is the new information with regard to early adolescent Asian girls having lower rates of overweight/obesity than their Hispanic and non-Hispanic White counterparts. In addition, Asian girls had the lowest proportion of those becoming overweight/obese. The lack of an association between acculturation and BMI suggests that the effects of acculturation may vary and depend on the life stage. Sociocultural issues influencing these race/ethnic differences in overweight/obesity merit investigation, especially in light of the potential impact of adolescent obesity on the onset of diabetes and hypertension.
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![Kaplan--Meier survival curve showing probability for not becoming overweight among early adolescent girls.\
**Notes:** Probability for not becoming overweight stratified by race/ethnic group from 10 months (post-baseline) to 22 months. Cumulative survival is the probability of not becoming overweight.](ahmt-6-001Fig1){#f1-ahmt-6-001}

###### 

Quantitative and categorical characteristics among Asian (n=160), Hispanic (n=217), and non-Hispanic White (n=304) early adolescent girls completing acculturation questions

                                                                                    Asian         Hispanic      Non-Hispanic White   Total
  --------------------------------------------------------------------------------- ------------- ------------- -------------------- ----------
  **Mean ± standard deviation**[a](#tfn1-ahmt-6-001){ref-type="table-fn"}                                                            
  Age (years) by measurement visit[\*\*\*](#tfn4-ahmt-6-001){ref-type="table-fn"}                                                    
   0 month                                                                          11.7±0.4^x^   11.8±0.5^x^   12.0±0.6^y^          11.8±0.5
   12 months                                                                        12.6±0.4^x^   12.8±0.5^y^   13.0±0.6^z^          12.8±0.5
   18 months                                                                        13.1±0.4^x^   13.4±0.5^y^   13.5±0.6^z^          13.4±0.5
  **n (%)**[b](#tfn2-ahmt-6-001){ref-type="table-fn"}                                                                                
  Number of girls by measurement visit                                                                                               
   0 month                                                                          160 (24)      217 (32)      304 (45)             681
   12 months                                                                        149 (24)      190 (30)      292 (46)             631
   18 months                                                                        150 (25)      164 (28)      279 (47)             593
  Study site[c](#tfn3-ahmt-6-001){ref-type="table-fn"}                                                                               
   Arizona                                                                          1 (1)         121 (84)      22 (15)              144
   California                                                                       48 (41)       68 (59)       0 (0)                116
   Hawai'i                                                                          105 (80)      4 (3)         22 (17)              131
   Indiana                                                                          3 (2)         19 (15)       108 (83)             130
   Nevada                                                                           0 (0)         5 (23)        17 (77)              22
   Ohio                                                                             3 (2)         0 (0)         135 (98)             138
  Generation[\*\*\*](#tfn4-ahmt-6-001){ref-type="table-fn"}                                                                          
   First generation                                                                 19 (23)       57 (70)       6 (7)                82
   Second generation                                                                61 (34)       102 (57)      15 (8)               178
   Third generation                                                                 30 (32)       28 (30)       36 (38)              94
   Fourth generation                                                                50 (15)       30 (9)        247 (76)             327
  Language spoken in home[\*\*\*](#tfn4-ahmt-6-001){ref-type="table-fn"}                                                             
   No English                                                                       27 (38)       42 (58)       3 (4)                72
   Other language more than English                                                 11 (24)       34 (74)       1 (2)                46
   English same as another language                                                 18 (20)       70 (76)       4 (4)                92
   English more than another language                                               27 (27)       44 (44)       29 (29)              100
   English only                                                                     77 (21)       27 (7)        267 (72)             371

**Notes:**

Values with different superscripts (x, y, z) indicate significantly different means between ethnic groups;

percent totals not adding to 100 due to rounding;

recruitment goals for race/ethnic groups based on population distributions at each site; a priori recruitment varied between sites.

*P*\<0.0001, between race/ethnic groups.

###### 

Overweight status of early adolescent girls at three time points (n=681 at baseline)

                                                                                                                                                                                             Asian      Hispanic   Non-Hispanic White   Total
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------- ---------- -------------------- ----------
  **Overweight status by measurement visit**[b](#tfn6-ahmt-6-001){ref-type="table-fn"},[\*\*\*](#tfn7-ahmt-6-001){ref-type="table-fn"} **n (%)**[a](#tfn5-ahmt-6-001){ref-type="table-fn"}                                              
  0 month                                                                                                                                                                                                                               
   0 (no)                                                                                                                                                                                    124 (78)   117 (54)   198 (65)             439 (64)
   1 (yes)                                                                                                                                                                                   36 (23)    100 (46)   106 (35)             242 (36)
  12 months                                                                                                                                                                                                                             
   0 (no)                                                                                                                                                                                    123 (83)   96 (51)    184 (63)             403 (64)
   1 (yes)                                                                                                                                                                                   26 (17)    93 (49)    108 (37)             227 (36)
  18 months                                                                                                                                                                                                                             
   0 (no)                                                                                                                                                                                    123 (82)   74 (45)    184 (66)             381 (64)
   1 (yes)                                                                                                                                                                                   27 (18)    89 (55)    95 (34)              211 (36)

**Notes:**

Percentages do not add to 100 due to rounding

based on growth charts developed by NCHS/CDC, 0=\<85th percentile and 1=≥85th percentile.

*P*\<0.0001, between race/ethnic groups.

**Abbreviations:** NCHS, National Center for Health Statistics; CDC, Centers for Disease Control and Prevention.

###### 

Binary logistic regression model(s) of the relationship of acculturation score and overweight status among early adolescent Asian and Hispanic girls at three time points followed over 18 months

  Time               Model[a](#tfn9-ahmt-6-001){ref-type="table-fn"}   Acculturation score                  
  ------------------ ------------------------------------------------- --------------------- -------------- ------
  Asian (n=160)                                                                                             
   0 month           1                                                 0.91                  (0.66, 1.25)   0.57
  2                  0.98                                              (0.66, 1.45)          0.91           
   12 months         3                                                 0.88                  (0.61, 1.27)   0.49
  4                  0.88                                              (0.56, 1.40)          0.59           
   18 months         5                                                 0.27                  (0.07, 1.12)   0.07
  6                  0.29                                              (0.48, 1.77)          0.18           
  Hispanic (n=217)                                                                                          
   0 month           1                                                 1.08                  (0.82, 1.43)   0.57
  2                  1.08                                              (0.81, 1.45)          0.59           
   12 months         3                                                 1.05                  (0.78, 1.41)   0.76
  4                  1.04                                              (0.77, 1.43)          0.79           
   18 months         5                                                 0.56                  (0.25, 1.27)   0.16
  6                  0.59                                              (0.25, 1.39)          0.23           

**Notes:**

Models 1, 3, and 5 are unadjusted; Model 2 includes age, state of residence, menarche status, Tanner score, and physical activity; and Models 4 and 6 include these covariates and intervention status at 12 and 18 months.

**Abbreviations:** OR, odds ratio; CI, confidence interval.
